The aim of this paper was to empirically investigate the behavior of fans, globally coupled to a common environmental source of information. The environmental stimuli were given in a form of referee's decisions list. The sample of fans had to respond on each stimulus by associating points signifying his/her own opinion, emotion and action that referee's decisions provoke. Data were fitted by the Brillouin function which was a solution of an adapted model of quantum statistical physics to social phenomena. Correlation and a principal component analysis were performed in order to detect any collective behavior of the social ensemble of fans. Results showed that fans behaved as a system subject to a phase transition where the neutral state in the opinion, emotional and action space has been destabilized and a new stable state of coherent attitudes was formed. The enhancement of fluctuations and the increase of social susceptibility (responsiveness) to referee's decisions were connected to the first few decisions. The subsequent reduction of values in these parameters signified the onset of coherent layering within the attitude space of the social ensemble of fans. In the space of opinions fan coherence was maximal as only one layer of coherence emerged. In the emotional and action spaces the number of coherent levels was 2 and 4 respectively. The principal component analysis revealed a strong collective behavior and a high degree of integration within and between the opinion, emotional and action spaces of the sample of fans. These results point to one possible way of how different protogroups, violent and moderate, may be formed as a consequence of global coupling to a common source of information.
Introduction
Coherent states appear very often in social systems of different kinds and cardinality. Due to its significance, with respect to the survival of the community, this phenomena has been present throughout the whole evolutionary scale, both in cell and animal communities, for example, in the form of orientation consolidation when escaping a predator, in seasonal migrations, as well as in human social groups (for instance the formation of pockets of coherent opinion holders). A striking property of the coherence is that it represents a qualitatively new macroscopically ordered state that emerges from a previous stochastic state of the system, under the influence of a certain non-specific parameter change.
One of the earliest attempts to predict qualitative changes in social systems was the cellular automata model, proposed by Shelling, (1969 Shelling, ( , 1971 for studying the ethnic clustering (segregation) phenomenon. Several mathematical models that explained qualitative changes in social systems, as a consequence of a nonspecific parameter change were proposed by several authors (e.g. Zeeman et al., 1976; Isnard and Zeeman, 1976; Weidlich. 1977; Renfrew and Poston, 1978) . These models have found their plausible incarnation in the basic neural network and cellular automata concepts. This approach showed an exquisite explanatory power (by means of computer simulations) of macroscopic effects of the interindividual social interactions (Nowak et al., 1990; Nowak and Hegselmann, 1993; Nowak and Latane, 1994; Latane, 1996; Vallacher et al., 2010; Vallacher and Jackson, 2009 ) such as emergence of clustering, attitude polarization, ideologies, beliefs etc. Some interesting results have been obtained within the twoparameter class of probabilistic cellular automata simulations known as the nonlinear voter model (Gilpin, 1975; May and Leonard, 1975; Cox and Durrett, 1991; Silvertown et al. 1992; Liggett, 1994; Tainaka, 1995) according to which interspecies competition leads to the onset of different macroscopic social effects such as: coexistence, ergodicity, and clustering or phase separation.
All these models share the common characteristic of being local models. In other words, the coherence within these models emerges as a result of local interactions between social elements. However, coherent states may also emerge when social elements possess a common coupling with environmental events but are not mutually coupled. Complex dynamical systems, particularly fan groups, start forming from some initial state, evolve and stabilize through mutual interactions and eventually they may dissolve. This initial stadium, in which members of some social ensemble are still not interacting but form coherent layers, we define as a state of a proto-group, i.e. a group to-be-formed. This subtle state, between the phases of a networked, full blown group and absolute attitude de-coherence can be considered as a critical nucleus, a precursor, which, depending on constraints, may evolve into a group or disintegrate back to a population of independent individuals. The aim of this study was to explain one possible way in which such initial stadiums of complex sociological networks may be formed and that is the non-local emergence of coherent opinions, emotions and action preferences as a consequence of a global coupling of a social ensemble with an external source of information.
A model, developed some time ago (Hristovski, 1997) , predicts onset of non -local coherence in social ensembles that consist of locally non -interacting individuals, coupled globally and unidirectionally only to the events in their environment. The network topology of such agentenvironment systems may be defined as a star topology (see Fig.1 ) where the central node activity represents an environmental event (e.g. a referee's decision -B 0 ) impinging on peripheral nodes, e.g. team supporters. This is a rather different class of social network interaction compared to the above mentioned models. Due to the noninteracting nature of the peripheral nodes (e.g. fans) the model has exact solutions that can be easily experimentally evaluated. The model predicts the final states of some social phenomena such as the formation of proto -groups, which have much in common with the local models mentioned above. Note that although there is no immediate and explicit interaction (information exchange) between the members of the social ensemble of fans, they are nonetheless bound together through their common characteristic. They are supporters of the same team and have identical or at least strongly correlated values, i.e. identification with the team. In this aspect we can speak of a non-local or an implicit coupling, within the social ensemble of explicitly noninteracting fans.
Obviously, due to the interaction of the environmental constraint, i.e. a referee's decision, and their common personal constraints, i.e. identification with their favorite team, a new set of common properties may be induced in the group in a form of coherent opinions, emotions and preferable actions. These properties may form an additional set of constraints, juxtaposed to and interacting with the previous ones, which together could form another, more complex initial stadium that may initiate the evolution of such protogroup. The exact solution of the model is a Brillouin function that describes the behavior of a social ensemble under environmental influences B:
(1) Here J has the role of a personal constraint in the attitudinal space (see Fig.1 ). More precisely, it represents the extremity that could be attained by the fans in some of the attitudinal components such as opinion, emotional and action responses. The number of levels that the social system may attain is 2J+1. g is a splitting Lande factor. Due to the bipolarity, there should be the same number of states on the right and left side of the zero. β and m are free parameters of the model. (2) is the expected attitudinal charge per subject where gJm gives the asymptotic value of coherent layers which have been formed. The social susceptibility, i.e. responsiveness, to the external stimuli per subject is defined as:
The following explicit predictions arise within the framework of this model:
1. If the social ensemble is homogeneous in the coupling with the environment, then, an attitudinal coherence will arise for some value of the external stimulation B 0 ; 2. If the social ensemble is not homogeneous (simultaneously contains different coupling signs with the environmental events) then, an attitudinal polarization will arise for some value of the external stimulation B 0 ; 3. If the social ensemble is homogeneous with respect tothe internal personal constraint J, then, a single layered attitudinal coherence will arise for some value of the external stimulation B 0 ; 4. If the social ensemble is not homogeneous with respect to the personal constraint J, then, a multilayered attitudinal coherence, proportional to the number of different values of J will arise for some value of the external stimulation B 0 ; 5. If the social ensemble is not homogeneous with respect to both -the common coupling with the environmental events and personal constraint (J), then, for some value of the external stimulation B 0, a polarized multilayered coherence will arise with a maximum of 2J +1 layers. In order to test some of these predictions, we have performed the following evaluation procedure. We have treated a sample of participants homogenously coupled with the environmental events. We sought to determine a number of coherent layers, i.e. a number of different J constraints, present in the sample of fans.
Method Participants
The sample of 97 participants (N male = 73; N female = 24 ), aged 20 -24, was randomly extracted from the population of students at the Faculty for Physical Culture in Skopje. They were not aware of the purpose of the experiment.
List of Environmental Stimuli and Questionnaires
One list of environmental stimuli (referee's decisions) and 3 questionnaires were designed to serve the purpose of the experiment. 1. The list of environmental stimuli (B 0 ) contained 12 stimuli of incorrect decisions concerning their favorite team. The list is with the first author. Because of spatial constraints we were not able to present it in detail. The list started as follows: "Imagine that you are watching on TV a football match in which your favorite team or the national team of your country is participating. The referee behaves in the following way:" Then the B 0 list of 12 referee decisions was presented to the test subjects. The 12 decisions covered the 2 halves of the match and they were defined and so explained to the participants as being of potential moderate influence on the match, for example decisions on fouls in the middle field. The questionnaires contained (2J+1)/2 nonzero levels due to the fact that the sample belonged to a population of fans of a common team. Hence, the responses of the fans were expected to be aggregated on one side of the scale, i.e. to have a common orientation. 2. The questionnaire which assessed individual opinion change was based on scaling the subjects' judgments of the referee's decisions given in the foregoing list. The offered judgments were formed as probabilistic statements of the participants in accordance with the motives of the referee's decisions. 
Procedure
The total sample was divided in 4 groups of approximately 24 participants. Participants were seated at distances that prevented cribbing (interactions among the subjects). The introduction text from every of the foregoing stimuli lists and scales was verbally explained and if needed some examples were given, in order to avoid misunderstandings about the demands of the experiment. Before each distribution of the opinion, emotion and action lists of responses, respectively, the lists of referee's decisions B 0 were distributed and the demands were explained. The experiment was conducted in the following order: 1. Distribution of the scales containing opinion responses → explaining the experimental demands by the experimenter → participants' responses to the stimuli → collection of the responses done on the B 0 list; 2. Distribution of the scales containing emotional responses → explaining the experimental demands by the experimenter → participants' responses to the stimuli → collection of the responses done on the B 0 list; 3. Distribution of the scales containing action responses → explaining the experimental demands by the experimenter → participants' responses to the stimuli → collection of the responses done on the B 0 list;
Data Analysis
Because of the analytical results and predictions of the model, for its evaluation we conducted standard statistical procedures. We estimated the free parameters m and β by applying a non-linear regression, by taking g = 2 and J max = 15/2. The Quasi -Newton method was used for the determination of the parameter estimation convergence. The goodness of fit was tested by the amount of explained variances. The fit among the attitudinal evolutions in the opinion, emotional and the action space for different values of J were obtained by a linear regression procedure. A principal component analysis using the Guttman-Kaiser criterion for the determination of the number of significant components was applied to the twelve B dependent statistical averages of opinion, emotional and action attitudes (in total 7).
Results

Attitudinal Evolution in the Opinion, Emotional and Action Space
The non-linear regression (Equations 1, 2) showed highly significant relationships among the model predictions of the attitudinal evolutions and experimental data. The discreteness of the scale of attitudes does not enable a clear insight into the regions of maximal agglomeration of data. Look at Figure 5 and the text therein for help. In the opinion space (see Figure  2) , the regression analysis revealed one layer of coherence (J = 7.5, N=97) and a high goodness of fit (R²=.91, p<.001). The residuals were symmetrically distributed around the expected values, which is another corroboration of the high goodness of fit among the theoretical predictions and the experimental data. From Figures 2 -4 it can be seen that in most cases (using the criterion J ≤ <U>), the coherence emerged after the 5th and 6th stimulus (B > 5 and B > 6), except in the case J = 7.5 of the emotional space where the coherence emerged for B > 9. To get insight in the semantic charge (content) of the expected charge values <U>, see the see the Method part.
Attitudinal Susceptibilities and Fluctuations in the Opinion, Emotional and Action Space
The responsiveness and fluctuations did not show normal distribution densities. The sample responsiveness (susceptibility) attained its maximal values at median values of B=2 and fluctuations at median values of B = 3. The histograms in Figures 5 a and b, show the distributions of data from the opinion space for B = 3 and B = 8 respectively. For B=3 the opinion variability was maximal, however it converged to extremely low variability e.g. B=8. For higher values the variability vanished and coherence was formed. 
Attitudinal Patterns
We use the term 'attitudinal patterns' for the coordination (measured as a correlation) among the expected charge values (Equations 1 and 2) of the opinion, emotional and action components during the attitudinal evolution, arising under the influence of the environmental stimuli B. Eight attitudinal patterns emerged within the frame of the experiment. Taking into account the internal personal constraint J, of the opinion (O), emotional (E) and action (A) components, those patterns could be coded as: {7.5/7.5/7.5} (the most extreme, i.e. potentially violent subsample),{7.5/7.5/5.5},{7.5/7.5/4.5},{7.5/7.5/3.5},{7.5/6.5/7.}, {7.5/6.5/5.5},{7.5/6.5/4.5} and {7.5/6.5/3.5} (the least extreme subsample). For the semantic content of those patterns, see the questionnaires given in the former chapter.
Principal component analysis
Although the Guttman-Kaiser criterion tends to maximize the number of significant principal components with eigenvalues larger than 1, the analysis revealed one general component that explained 98% of the total variance with eigenvalue λ=6.95. All communalities were highly significant 0.998±0.004 as well as the loadings of the variables on the principal component 0.987±0.003.
Discussion
The experimental evidence supports the basic predictions of the analytical model (Hristovski, 1997) . One has to notice that attitudinal layers of coherence in the experiment do not emerge from local (nearest neighbour) or any other distributed form of interactions among the individuals, which has been accepted as one of the main concepts in social modeling (e.g. Nowak et al., 1990; Latane, 1996; Vallacher & Jackson, 2009) . Within the framework of this model they arise as a consequence of commonalities in their personal constraints (common identification with their favorite team), which form their common mode of coupling with the external stimuli, i.e. referee's decisions). In the experiment, that is the reason why, under the influence of environmental stimuli, the primordial symmetry of the homogenous state was broken (rearranged) and the creation of individual as well as collective attitudes emerged.
Polarized states within the observed sample of fans were not attained due to the semantic specificities of the stimuli given in the experiment. If you recall, the referee was making incorrect decisions concerning their favorite team. The interaction of the incorrect decisions and the common identification with the favorite team led to a strong unidirectional coupling of the whole sample (N = 97) with external events. The condition that is necessary to cause a polarized attitude states is the existence of a different coupling sign with the external events of the social ensemble. That was not the case in this sample, but it is highly feasible to fulfill these conditions using a certain type of experimental design.
Thus, the evidence corroborates the model's prediction which claims that: when locally non -interacting individuals have mutually strongly correlated couplings concerning the social environment, the individual attitudes are created as a consequence of the symmetry breaking mechanism, which notwithstanding the inter-individual differences, for a finite number of semantically equivalent or similar stimuli, leads to the state of an attitudinal coherence.
The ensemble susceptibility and fluctuations showed a clear critical behavior. Shortly after the onset of environmental events they enhanced which signaled a destabilization of the previous state and a transition to a coherent attitude formation. Both measures attained maximal values for B = 2 -4. This means that under global coupling and referee's decisions that fans perceive as moderately offensive, the maximal responsiveness of fan groups and their variability in attitudes has to be expected within this range of number of events. This critical behavior is a hallmark of the phase transition phenomena, in which the system attains order through fluctuations of the collective behavior. In fact, it is the non-local coupling among the fans that breaks the symmetry under the impinging referee decisions. In other words, the common unidirectional non-local coupling among fans for small B values competes with the inter-individual differences in other psychological degrees of freedom. That is why we see a unidirectional enhancement of fluctuations. All fans react in the same direction (i.e. they brake the initial symmetry present at B=0), but they, as individuals, differ in other sets of personal constraints and that contributes to the early 'disagreement', i.e. the enhancement of fluctuations. Such unidirectional fluctuations actually push the expected <U> towards the final coherence value, which emerges for higher B. For higher B values the common identification wins, the fluctuations are suppressed and coherence emerges. In this case, the referee's decisions have the role of a control parameter which destabilizes the neutral attitudinal state present at B=0, and through fluctuations directs the system into a coherent state. Such coherence was obvious in the principal component analysis results where seven variables were reduced to only one collective variable (order parameter) accounting for more than 98% of the total variance. As the system, under the influence of the environmental events, approached the transition point, fluctuations of this collective variable grew and afterwards were quickly suppressed as the social ensemble converged to the new coherent state. This behavior represents a strong evidence of the highly integrated nature of opinion, emotional and action spaces on individual and social level. It is also interesting to pay attention to the fact that largest coherence was attained in the opinion space whereas the emotional and particularly the action space were more segregated. This fact may be a result of the more refined structure of the fan sample concerning their responses to external events.
In the experiment, the existence of equifinality, (the property of the social system as well as of its elements (individuals) to attain the same final state, starting from various initial conditions and by using various paths), was demonstrated. One can consider that the variability of paths is an effect of the impact of a large number of weakly correlated intrapersonal degrees of freedom on the evolution of individual attitudes. In this investigation we assumed that this is the generator responsible for the presence of attitude variability (fluctuations) over a large interval of environmental stimuli (see Figure 6 ). It can be seen that for larger values of B (B ≥ 3 ÷ 4) the attitudinal variability weakened as the common coupling with the environmental events became dominant and suppressed the personal degrees of freedom, so that the strongly correlated individual attitudes were, literally, sucked into a single collective attitude. Thus, the process of creation and evolution of the attitudes within this model shows robust properties concerning the initial conditions (i.e. equifinality). Moreover, the high goodness of fit for different number of participants (see Figures 2, 3 and 4) supports the robust properties of this model in respect to the cardinality of the observed social system as well.
Furthermore, layers of coherence emerged as an effect of the existence of intrapersonal constraint J, that represented an extremity of individual responses in the cognitive, emotional or action space. This constraint introduced a potential for multistability into the system, that is, a large number of stable collective coherent attitudes (attractors) were created by the social system under the impact of external stimuli. In other words the number J taxonomizes the initially homogenous sample into attitudinal subsamples (stratums). This leads to a notion of a non -local coherent layering (stratification). That is in fact the phenomenon of the capability of a certain number of spatially randomly distributed and mutually noninteracting individuals to attain different layers (stratums) of attitudinal coherence, after being exposed to equal environmental stimulation for a certain amount of time.
In reality, at least some of the initial attitudinal states, before they become subjected to change by the interindividual interactions, are probably spatially randomly distributed on the basis of this effect. According to this, for instance, the patterns {7.5/7.5/7.5} and {7.5/6.5/7.5} could be considered as a formation of potentially violent proto-groups, that afterwards could attain (by local network interactions) all the properties, characteristic for a violent mob, among including spatial clustering and collective violent action. Another important theoretical and practical aspect stems from these findings. The emergence of coherence as a result of suppression of individual degrees of freedom leads to a possibility of efficient control and manipulation of such social ensembles by a third person or institution because as the majority of personal differences are suppressed, the whole ensemble may be treated as a single collective entity controlled by a common coherent information. Hence, instead of dealing with a multitude of individual degrees of freedom, i.e. opinions, emotions and action preferences, one actually has to deal with one collective coherent person. On the other hand, the pattern {7.5/7.5/3.5/} implies a social proto-group, that has a potential to evolve in a well formed group trying to realize its goals through institutional procedures (J = 3.5).
The combination of the results of this model with those obtained by local models, can lead to considering the predicted final states within this model as an initial state of a model with local interactions among the elements. Vice versa, the coherent clusters (coherent pockets of attitude holders) obtained in local models could be treated as a common pool of information on whose basis another set of attitudes and non -local coherence or polarization in the social system could emerge as a consequence of the symmetry breaking under new and different environmental stimuli. It would be particularly interesting to investigate the possibility of change of personal constraints J as a consequence of local interactions among fans. The possibility that the J constraint is subject to change under local interactions, such as peer pressure, is quite real. In that case, individual fans possessing different J constraints, under conditions of global coupling with environmental events, may change their personal constraints when subject to local interactions.
The way of forming groups with common personal constraints, from proto-groups, might be an interesting topic for future research. How the interpersonal interactions grow depending on the common views of environmental events and their action preferences? This problem is obviously fundamental to group or even team formation process, where one may investigate the formation of network connections among the elements of the proto-group. Thus, the iterations of attitude creation under external stimulation and attitude change by local interactions (iterations of the external and the internal social impact) might enable the existence of temporal interchange of the roles among the constraints (non -specific control parameters or boundary conditions) and order parameters of the social system, which is one of the prominent properties of evolving systems.
Yet another interesting direction of future investigation can be inferred from the results of this investigation: The least violent coherent layer in the action space J = 3.5 (<U> = 4) was formed by 79% of the total number of female fans. Hence a further issue emerges: How J constraints depend on other social constraints (e.g. the influence of family attitudes toward female and male populations), as well as on possible influences of some gender biochemical differences, e.g. the level of the testosterone?
Furthermore, it would be interesting to treat the behavior of social ensembles when an environmental control parameter is not solely the accumulating number of referee's decisions B, but also their time characteristics like their frequency in time. It may happen that the coherence attained in some of the investigated spaces within this study, e.g. the emotional and action space, declines, as a result of declining frequency of environmental stimulation and yet in the space of opinions the coherence may remain unchanged. This may point to differences in the dependence on the opinion space on one side, and the emotional and action spaces on the other. The behavior of social ensembles under varying neutral, positive and negative referee's decisions is yet another direction of future investigations which may reveal somewhat different results than those obtained in this research.
